Allergic diseases are on the rise in both prevalence and severity, especially in industrialized countries. The process of allergic sensitization needs an understanding of the role environmental factors play in its development. In addition to traditionally considered air pollutants, various persistent organochlorine pollutants, which accumulate in the human body over a lifetime via food intake, are toxic in humans. Placental contamination by cecals may act as a biologic marker for the exposure of the mother or for the fetus via transplacental transfer. Placentas were collected from term deliveries in two Slovak regions. The samples were then analyzed for 21 selected organochlorine compounds. Specimens of cord blood from 2,050 neonates were gathered for the determination of levels of total immunoglobulin E (IgE). The regions were chosen according to their environmental ca istics: a city polluted with organic chemical industry versus a rural region devoid of industrial sources of pollution. In addition, data regarding the incidence rate of atopic eczema cases in the regions were considered. Comparisons between regions revealed that both the placental contamination with 16 of 21 organochlorine compounds and the cord serum IgE levels were significandy higher in the industrial region. The findings pointed to an association between organochlorine compounds and the higher leves oftotal IgE in newborns, signaling a higher allergic sensitization in the industrial region. This association was supported by the higher incidence rate of atopic e czmases in the population regstered in the industrial region. Key work allergy, atopic eczema, biomarkers, ,congeners of polychlorinated biphenyls, cord serum immunoglobulin E, human placenta, organochlorine compounds, sensitization. Environ Healtb Perspect 107: 895499 (1999). [Online 12 October 1999] htp://ehpnetd.niebs.nih.gov/docsJI199/9107p895-899reich vala/abssrat.tm1
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Atopy has a strong genetic component, but environmental and social factors (including lifestyle) appear to have an important relationship with allergic diseases (1,. The fact that allergic diseases have increased in prevalence, especially in the industrialized countries, has evoked an interest in environmental factors encountered in prenatal and early postnatal life (3) . Developing fetuses and young children may be more susceptible to effects of chemical agents in relation to allergic sensitization, especially those fetuses and children with a genetic propensity (4, 5) .
Environmental factors studied include exposure to tobacco smoke, traditional airborne pollutants (SO2, NO2, ozone, respirable particulates), aeroallergens in home indoor environments, and air from tight and poorly ventilated buildings. (6, 7) . Tobacco smoke has been suggested to be in a direct relationship with atopic diseases in children, especially with atopic eczema in offspring (8) . According to Arshad and Hide (9J, environmental factors have a profound effect on the prevalence of asthma in infants. German epidemiologic studies pomparing eastern and western German populations have shown differences in the prevalence of respiratory atopic diseases, which were lower in eastern Germany (10) , in contrast to the higher incidence of nonatopic respiratory diseases there. Behrendt et al. (11) published the outcome of experimental studies regarding the modulation of allergen release from pollen, as evoked by different effects of SO2 and NO2. Diaz-Sanchez et al. (12) demonstrated that inhalatory exposure to diesel exhaust pollutants led to a significant increase in immunoglobulin (Ig)E, but not IgG, IgA, or IgM production, and to an increase in IgE-secreting cells.
In general, the fetus is protected against external influences by the placental barrier, but this barrier is selective, especially for maternal IgG (30) . In Slovakia, these PCB congeners were detected in human breast milk as well as in cow's milk and dairy products (31) (32) (33) Other monitored data induded external parameters of placentas (longest and transverse diameters and thickness) and of newborns (birth weight and height). The average age of the mothers studied in the industrial region was 24.2 years of age; in the rural region, it was 22.6 years of age. Maternal cigarette consumption in the industrial and rural regions was 26 and 27%, respectively (35) .
Sample collection. In the maternity dinics of the selected regions, samples of cord blood of newborns (n = 2,050) were collected, and sera prepared by centrifugation were kept frozen at -20°C until their laboratory analysis. Simultaneously, randomly selected samples (n = 120) of full-term placentas ( Chemicals. Acetone, n-hexane, n-heptane, and dichloromethane were purchased from Merck (Bratislava, Slovakia). All solvents were pesticide grade. The standards of PCB indicator congeners (International Union of Pure and Applied Chemistry numbers 28, 52, 101, 138, 153, and 180) were purchased from the Slovak Institute for Metrology, Bratislava, Slovakia. The standard mixtures of organochlorine insecticides and chlorinated benzenes were purchased from Supelco SA (Gland, Switzerland) and Aldrich (Steinheim, Germany). Florisil (60/100 mesh) was washed with bidistilled water, acetone, and n-hexane. Anhydrous sodium sulfate was Soxhlet-extracted with nhexane to avoid possible interference.
Sample preparation and extraction. A sample of approximately 10 g placental tissue was homogenized with sodium sulfate in a grinder to a pulverized consistency. The sample was then quantitatively replaced in a Soxhlet apparatus and underwent 5 hr of Soxhlet extraction with 250 cm3 n-hexane. The extract was evaporated on a vacuum rotary evaporator to the volume of 5 cm3.
Volume 107, Number 1 1, November 1999 * Environmental Health PerspectivesSample dean-up and gas chromatography. The clean-up and gas chromatography procedures used in this study were based on previously published methods (32, 33 16 of 21 organochlorine compounds analyzed were significantly higher in the industrial region. Furthermore, the percentage of noncontaminated placental samples was significantly higher in the rural region as compared to the industrial region. Four compounds of chlorinated benzenes (1,4 + 1,3-DCB, 1,2,4-TCB, 1,2,3-TCB, and pentaCB) in the placental samples were found at similar levels in both regions, and the concentration of one compound (1,2-DCB) was higher in the rural region. The contents of the PCB congeners (mainly PCB congeners 101 and 153) and organochlorine insecticides analyzed in the placental samples were higher in the industrial region.
Total IgE levels in cord sera. Data on the total IgE in the cord sera samples of neonates collected from two regions is given in Figure 1 . Cord serum total IgE lkU/L) Figure 1 . Cord serum immunoglobulin E (IgE) levels in newborn infants divided into three groups.
Comparison between two environmentally different regions (e.g., industrial vs. rural) shows the higher percentage of IgE-positive infants in the second and third group (0.7-3.5 and > 3.5 kU/L) in the industrial region (n = 1,050) as compared to the rural region (n = 1,000). The percentage of IgEnegative infants (e.g., below detection limit) was higher in the rural region. (38) . The body burden of lead stored in maternal bones may be mobilized and released during pregnancy into the blood circulation and therefore contribute to fetal lead exposure (39) . The underlying molecular mechanisms for Pb's complex effects could be explained through activation of the transcription factor nuclear factor-KB, which is critical for T lymphocyte function (40) . Pb enhances B-cell differentiation and modulate antigen presentation to Thi versus Th2 cell clones in favor of Th2 cells (41) .
We have published results regarding biomarkers of exposure, impairment of tracheal mucosa, and immunotoxic effects related to heavy metals contained in the ambient air particulates using the animal model (42) (43) (44) (45) .
In contrast to the significantly higher concentrations of organochlorine compounds found in placental samples collected from the industrial region (Bratislava city) and shown in Table 1 , the content of lead on average was higher in the samples gathered from the rural region (Stara' Lubovna), as we reported in our previous work (35) . The lead accumulation in the placental samples from the rural region was presumably derived from traffic (via leaded gasoline) linked to tourism and to a border checkpoint. Additionally, analyses of placental lead contents in other regions of Slovakia implicated traffic-related environmental lead pollution rather than industrial sources (35) . Furthermore, the predominant site of metal partide accumulation in placental tissue has been demonstrated in the syncytiotrophoblast, which is capable of phagocytosis, and represents a site for the exchange between fetus and mother (46 (51) .
Tissue microstructural changes accompanied by decreased activity of oxidative enzymes in human placentas collected from heavily polluted regions in Poland have been reported (52) . In our studies, a higher percentage of microstructural lesions was diagnosed in human placentas from the industrial region (Bratislava city) as compared to the rural region (Starai Lubovna) (53) . These microstructural lesions may be responsible for the different external parameters of human placentas (e.g., higher longest diameter, transverse diameter, and thickness) found in the industrial region (Table 2) . Our findings concerning the deviations in placental parameters were consistent with the Polish study by Zadrozna (54) . Thus, the higher frequency in placental microstructural lesions may be associated with the higher placental contamination found in the industrial region (Table 1) .
Fergusson et al. (55) found a link between asthma risk and large head circumference at birth in New Zealand children. In spite of the unknown mechanism for this link, the findings supported data on the fetal programming of immune function and respiratory diseases by prenatal dietary experience (56) .
A comparison of the biomarkers of the mother's chemical exposure in our cohorts (e.g., different placental metal and organochlorine contents in the placental samples) to cord sera IgE levels between two environmentally different regions has led to a hypothesis of the possible fetal allergic sensitization evoked by organochlorine compounds in the placenta. Data on the higher rate of atopic eczema cases recorded in the population residing in the industrially polluted region, and the presumption of the human exposure to organochlorine compounds via food (demonstrated by the contamination of breast milk, cow's milk, and dairy products) support this hypothesis. Furthermore, feeding infants with breast milk that contains organochlorine compounds may contribute to the sensitization in the early postnatal period. Further research focused on the mechanism of heavy metals and organochlorine compounds and their interaction in the antenatal and postnatal sensitization is needed.
Conclusion
A variety of environmental chemicals may increase the risk of sensitization and the subsequent development of allergic diseases. The antenatal and the early postnatal periods are particularly susceptible to the effect of chemicals. As a consequence, allergic risk assessment based on biomarkers of exposure to chemical agents seems to be a possible strategy in the identification of infants at risk. Further research should be focused on the linkage between the chemical contamination of the food (encountered breast milk) and organochlorine compounds and allergic sensitization.
